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Summary
Limited data are available to describe the different phases of dietary protein and energy utilization in growing cattle as compared with those in adult cattle or in growing nonruminants. The European data on this topic are summarized to indicate application in appropriate feeding standards. Net protein requirements are widely variable with breed and sex. They are lower in steers than in bulls and lower in early maturing than in late maturing breeds. They are clearly defined for growing and fattening bulls where they are influenced by breed, live weight and live weight gain. New systems have been proposed to express the protein allowances. They provide a great step towards a concept explaining N supply to ruminants. However, protein degradability in the rumen, efficiency of microbial protein synthesis, intestinal digestibility and metabolic efficiency of amino acid absorption in the intestine need to be described more accurately. Even if body energy retention measured by the slaughter technique is systematically lower than when measured by calorimetric balance, both techniques can correctly describe the effect of breed, sex, weight, or daily gain on energy retained, in relative value, and its distribution between protein and fat deposition. But further research is needed to confirm the distribution of metabolizable energy between maintenance and growth and the efficiency of metabo-
Introduction
Beef cattle are known for their low efficiency in converting apparent digestible protein into edible protein for human consumption. They are only one-third as efficient as the high producing dairy cow. One of the main research goals for meat production from growing cattle should be to increase muscular protein accretion and the efficiency of dietary amino acid (AA) utilization, along with increasing efficiency of energy utilization. A minimum of fat deposition is inevitably associated with protein synthesis and is needed to ensure good meat flavor.-A greater understanding of dietary protein and energy utilization in growth phases is needed. Few experiments have analyzed these phases in growing cattle as compared with adult cattle or growing nonruminants. Results obtained are often conflicting due to the diversity of genetic types and methods used. Methods often fail to express the complexity of such realities as continuous variations in body composition and net requirements as functions of weight and daily gain, variations in gut fill and full body composition, the difficulty of distinguishing productive and nonproductive needs and the metabolic efficiency of AA absorption in the intestine. Net protein requirements seem to be less important than energy requirements for early maturing growing steers (Hereford or Aberdeen Angus) because they retain only 12 to 15% of their energy as protein and have only 12% protein in live weight gain (Garrett, 1977) . A major proportion of their protein requirements is satisfied by the microbial AA absorbed in the intestine (Roy et al., 1977) . However, protein requirements are relatively higher for growing bulls of late maturing breeds (Simmental, Charolais or Limousin), which retain 35 to 45% of their energy as protein (Rohr and Daenicke, 1978; Geay and Robelin, 1979) . The cattle cannot always satisfy their total AA requirements with only microbial supplies, regardless of their weight and daily gain (Geay, 1980) . Net requirements of protein for growth were analyzed by slaughter techniques in growing Friesian bulls (Schuhz et al., 1974; Rohr, 1978) and in different breeds (Friesian, Charolais, Limousin, Charolais • Salers) of growing bulls Robelin, 1979) . Robelin and Geay (1978) and Robelin (1979) proposed an equation to compute the protein retained per day from fat-free mass (FFM) gain as follows:
Protein mass = .1259 FFM 1"~ .
Later, net requirements were more clearly defined by Robelin and Daenicke (1980) , using published data from 481 complete dissections and chemical analyses. They provided a similar model to evaluate the protein retained as a function of FFM, body weight, growth rate, breed and sex. Their model showed that protein deposition increases with daily gain regardless of live weight. However with greater live weight, the increase was slower. Protein deposition decreases with increasing live weight; decreasing faster with higher daily gain. This is more realistic than the relations observed from data obtained in respiration chambers by Hoffmann et al. (1977) that lead to a constant increase in protein deposition with daily gain, regardless of animal weight.
Net protein deposition requires a sufficient supply of AA to tissue. Limited information on requirements of the most essential AA has been obtained for growing cattle (Geay, 1980) . Recently Alrahmoun (1981) fed weaned Friesian calves (90 to 160 kg) AA in liquid whey to prevent AA breakdown in the rumen and showed that daily methionine, lysine and histidine requirements, when measured as the AA flowing into the intestine, were .31, .57 and .16 g/kg W "7s, respectively. However, more information is needed on the changes in AA requirements with live weight, breed and sex, and on the efficiency with which AA are absorbed and utilized.
With improved knowledge of the digestive processes, new methods for evaluating protein nutrition in ruminants have been proposed (Burroughs et al., 1974; Chalupa, 1974; Kaufmann, 1977; Roy et al., 1977; INRA, 1978) . These methods have provided a great step towards the concept explaining N supply to ruminants, but as analyzed by V6rite et al. (1979) and Geay (1980) , they differ in the AA allowances for the same type of animal (table  1) . Differences exist not only in the assumed protein content of live weight gain, but also in maintenance requirements and in the efficiency of absorbed amino acid nitrogen (AAN) efficiency.
In a recent study, Rohr et al. (1982) fed growing Friesian bulls different levels of crude protein at the same level of metabolizable energy (ME) and measured daily gain. From these data (figure 1), the protein intake truly absorbed in the small intestine (PDI, see V~rit6 et al., 1979) of Robelin and Daenicke (1980) . At each live weight, there was an optimum of PD1 intake above maintenance (PDIo) that corresponded to a maximum protein retention (PRM). The ratio PRM/PDI O describes the metabolic efficiency of PDI. The mean value, regardless of live weight, is 67.5%, which is quite close to the 63% obtained in France that was reduced for practical use to 60% (INRA, 1978 ). An increase in protein retention can also be observed with the increase in live weight from 175 up to 275 to 325 kg (figure 1) and then protein retention decreases. The weight of 300 kg (30% of adult weight of 900 kg) is not far from the inflection point of the growth curve that corresponds to the maximum daily protein retention (approximately 200 g/d).
A comparison of different breeds with the same live weight could give the same decrease in protein retention for a constant PDI supply, due to differences in protein synthesis potential and physiological age. Further experiments are needed to determine more precisely the protein degradability in the rumen, the efficiency of microbial protein synthesis, the intestinal digestibility, and the metabolic efficiency of AA absorption in the intestine.
Energy Utilization
In growing or fattening ruminants, some authors have shown a curvilinear relationship between energy retained and gross energy intake (Brody, 1945; Blaxter and McGraham, 1955; Blaxter and Boyne, 1978; ARC, 1980) . A constant increment in daily energy intake results in progressively smaller increments in daily energy retention. The main explanation is that diet metabolizability decreases when intake level increases, as shown by Tyrrell et al. (1974) in dairy cows and beef heifers. The decrease can be due to an accelerated rate of passage. This acceleration reduces the digestion of starch and cell wall carbohydrates (~Jrs-kov et al., 1969) thereby decreasing the digestibility (Vermorel and 13ickel, 1980) and increasing the losses in feces (Tyrrell et al., 1974) more than it reduces ruminal CH4 production (Bouvier and Vermorel, 1975; Thorbek, 1980) and urinary losses (Vermorel et al., 1979) . Other explanations could be an increase in maintenance requirements with level of intake (Thorbek and Henckel, 1976) , differences in the efficiency of protein and fat biosynthesis (ARC, 1980) and inefficient metabolism of nutrients allowing the animal to waste excess energy as heat production. However, the last explanation is still hypothetical.
J. Robelin and Y. Geay (unpublished data) have also observed (figure 2) such a relationship between energy retained and gross energy intake, though this evolution was not statistically curvilinear. In this experiment, groups of six to 12 growing Charolais and Friesian bulls fed a mixed diet (20% hay, 80% concentrate) at three levels of intake (ad libitum, 75 and 50% of ad libitum) were used. Comparisons were made at the same physiological age based on a percentage of mature weight (30 to 55%). Energy and protein retention were measured by the slaughter technique. Charolais and Friesian bulls fed ad libitum retained similar amounts of energy from the same gross energy intake but used it differently. The Charolais retained 42% more energy as protein than the Frieisians and had a greater daily gain (1,500 vs 1,000 g/d). No differences were observed in digestibilities, but the distribution of ME between maintenance and production and the efficiency of ME utilization could be obviously different between the two breeds. However, the different steps of energy utilization by growing cattle are not clearly understood, partly because of the limited number of studies available. Results are often conflicting because so many different techniques are used.
Energy Retention. Two techniques have generally been used to measure body energy retention, the calorimetric balance and the slaughter technique. Few comparative measurements have been made using these two techniques simultaneously. Jentsch and Schiemann (1976) , slaughtered three groups of four growing bulls each at 116, 301 and 415 kg live weight and found that there were only slight differences between the two techniques in measurements of N (-.2 to -2.7%), carbon (-.3 to -2.7%) and energy retained (-.4 to -3.3%) when expressed as a percentage of intake. The slaughter technique gave slightly lower results than calorimetric balance. However, these differences represented 6 to 15% of the N and 10 to 20% of the energy when expressed as a percentage of corresponding retentions. Waldo and Tyrrell (1980) found greater differences between techniques in protein gain (40%) of Holstein steers; again, the slaughter technique always gave lower results. In an experiment (M. Vermorel, Y. Geay and J. Robelin, unpublished data) with growing Charolais and Friesian bulls fed a mixed diet either ad libitum or restricted (figure 3)energy (Tyrrell et al., 1974;  figure 4) show the same relationship between the proportion of energy retained as protein and total RE as that obtained by equations described by Robelin and Daenicke (1980) for different breeds 9 These equations like others Robelin, 1979; Rohr, 1980) were derived from data obtained on groups of similar animals fed different levels of energy. Such equations are helpful in providing a better understanding of the variation in energy deposi- tion with different levels of energy intake. Firstly, they explain the relationship between body composition, live weight and live weight gain for the same animal. Secondly, they explain the variation in energy retained as protein (REp) and as fat (REf) . In the first case, they show that the energy content of live weight gain increases at a decreasing rate as live weight gain increases. This contradicts other data (Hoffmann et al., 1977) , which show a decrease in the energy content of live weight gain as gain increases. This can be explained if data are derived from different animals fed ad libitum. As shown by Jarrige et al. (1970) , animals that display higher growth potential, grow at a higher daily rate from the same energy intake and have a lower energy retention and consequently a lower energy intake/kg of gain. This leads to the conclusion that requirements cannot be derived from animals fed ad libitum whose daily gain varies with their genetic growth potential, but from homogeneous groups of animals voluntarily fed different levels of energy. In the second case (figure 5), the slow linear increment of REp observed by Hereford 9 (Tyrrell et al., 1974) , (e-e-a) Friesian cl and (e 9 9 .) Charolais c~ (M. Vermorel, Y. Geay and J. Robelin, unpublished data) and (---) Friesian X Holstein calves (Thorbek, 1980) . pooling all the data from calorimetric chambers, results from the combined effect of weight and daily gain. For a constant daily gain (1 kg/d; figure 6) REp. decreased more and more as weight or RE increases. For a constant weight (300 kg; corresponding to the mean value of Hereford heifers of Tyrrell et al., 1974; Tyrrell and Moe, 1980) , REp increased curvilinearly with the live weight gain or with RE. These two phenomena, with the results of TyrreU et al. (1974) , lead to the slow linear increment of REp with increasing RE. When the energy retention approaches zero, the protein retention measured by the slaughter technique seems to be lower than protein retention obtained in calorimetric chambers. Therefore, the energy retention and its variation with breed, sex, live weight and daily gain appears to be better understood than the mechanisms of the retention.
Maintenance Requirements. Maintenance requirements of growing animals, even of rapidly growing bulls, makes up a large percentage of ME intake; 56 and 58% for Friesian and Simmental bulls (Rohr and Daenicke, 1978) and 53 and 56% for Salers and Limousin bulls (Geay et al., 1974; Robelin and Geay, 1976) , respectively. Many factors seem to modify the requirements (see reviews of Van Es, 1972 Vermorel, 1978; Vermoret and Bickel, 1980) , but some data conflict due to different methods of measurement, and certainly due to the comparison criteria used such as age, live weight and physiological age.
Van Es (1980) calculated the estimated maintenance requirements of Hereford x Friesian steers and bulls from data of Webster (unpublished data) and obtained lower values for steers than for bulls (124 vs 145 Kcal/W "Ts at 250 kg live weight and 117 vs 137 KcalAV "7s at 450 kg live weight). However, Garrett (1970) detected no significant differences between Hereford heifers and steers. For very young growing cattle (<100 kg) maintenance requirements, expressed in ME intake, appeared to be higher than those for older animals (Van Es, 1972 ) but, as Van Es (1980 observed, the comparison should be based on the net energy rather than ME. Dairy breeds have been reported to have higher maintenance requirements than beef breeds (Garrett, 1971; Ayala, 1974; Vermorel et al., 1976; Colleau, 1978) . However, Andersen (1980) using data from production experiments (Robelin andDaenicke, 1980) Geay and J. Robelin, unpublished data), it seems (figure 7) that results depend on the physiological age of the animals. We observed an apparent decrease in maintenance requirements as live weight increased. As observed by Tyrrell and Moe (1980) and Hoffmann et al. (1977) the slope depended on the breed. The ME required for maintenance declined by 3.0 Kcal/W "Ts for each increase in 100 kg body weight with Charolais bulls, by 10.5 Kcal/W "Ts with Friesian bulls (M. Vermorel, Y. Geay and J. Robelin, unpublished data) and by 13 to 18 Kcal/W "Ts with Hereford heifers (Tyrrell and Moe, 1980) . Maintenance requirements of Friesians were lower than those of Charolais after 400 kg; such variation with breed and weight could be explained if maintenance requirements were related to protein turnover, physical activity and "other work of growth" (Van Es, 1980) . Reeds et al. (1980) showed that heat production correlated highly with protein synthesis and Arnal (1977) noted a good correlation between protein synthesis and protein gain per g of lamb muscle. As shown in figure 7 , the higher protein accretion of Charolais bulls compared with Friesians at weights over 400 kg could explain the higher maintenance requirement observed for the Charolais.
Differences between breeds in the rate of protein turnover for the same protein accretion rate could also be suspected. Recent studies on man, as well as animals, have shown that no constant proportion exists between protein synthesis and protein accretion among species (Young et al., 1975; Nicholas et al., 1977; Edmunds and Buttery, 1978) . Variations in maintenance requirements with feeding level could also be related to the differences in protein accretion. An increased feeding level decreases the percentage of energy retained as protein in a different way depending on breed, live weight and feeding level (Geay and Robelin, 1979) . Thus, the estimation of the maintenance requirements could be improved by taking into account the protein turnover and physical activity. Van Es (1980) proposed a model that theoretically takes into account the relative rate of protein deposition (REp/W) and the physical activity of the animal related to age, i.e., turnover rate. The low efficiency of ME used for protein deposition correspond to the "expensive", high rate of turnover. This is in agreement with the lower efficiency in bulls than in heifers reported by Geay et al. (1980 The strictly "nonproductive" portion of ME intake (MEm), quantified in this equation by ME m = d + e(W -We)/W e, corresponds to the value ME m = 122.42 -49.76(W -We)/We and amounts to 148 Kcal/Kg W "Ts at the mean live weight of Friesian bulls (437 kg) and 112 Kcal/Kg W "Ts at their mature weight (900 kg). This confirms that ME m decreases as live weight increases, but its value depends on the exponent i of W in the previous equation. In this example, the residual coefficient of variation (RCV) is at a minimum for i = 1. Robelin and Geay (1976) have already speculated on the value of the exponent of weight (W) to explain the slight variation in efficiency of ME utilization for growth with weight and age of Limousin bulls. This equation also leads to an energetic cost of energy retained as fat (REf) that amounts to 1.58 Kcal ME/Kcal of fat retained. This corresponds to an efficiency of ME utilization for fat deposition (Kgf = .63), which is quite close to the usual value.
4~ l
Efficiency of Metabolizable Energy Utilization for Growtb. Metabolizable energy utilization for growth (Kg as written by Thorbek, 1980) in monogastrics is known to depend on the composition of body gain (Kielanowski, 1976; Thorbek, 1977) . There is reason to believe that this is also true for ruminants. However, some schools of thought still maintain that growth only depends on the nature of feed. The high efficiency of ME for fat deposition is in agreement with biochemical calculations (Armstrong, 1969) and with the assumption that fat constitutes a reserve with a slow The values of A and B computed by regression analysis from the 52 data previously mentioned lead to the respective value of ME utilization efficiency for protein (Kgp) and fat (Kgf) deposition: Kgp = .20 and Kgf = .75. These values are not very different from those obtained by other authors (table 3) , but the ratio Kgf/Kgp = 3.75 is much greater than that observed previously (1.86) by Schiemann et al. (1976) , (1.93) Kirschgessner et al. (1976) and (1.93) Thorbek (1980) . Muller and Kirschgessner (1979) reported other published values for nonruminants and discussed the reasons for such variation in Kgp. (.63 to .36). They concluded that variation Is due to the omission of protein turnover in metabolism study calculations. These analyses confirm the artificial aspect of separating ME intake into two portions (maintenance and production), as in the factorial method, and show that the usual equation of ME intake prediction, ME = aWfl3 + RE/Kg is not well adapted to growing cattle.
Feeding Standards. Considering the uncertainty of the factorial method, some authors prefer to calculate the energy allowances by regression between energy intake and the corresponding weight (W) and daily gain (AW) measured, either during feeding trials (Menke, 1980; Rohr, 1980) or in calorimetric chambers (Hoffmann et al., 1977) : ME M = .153 W + 31.7 AW --20 + R (R is a constant depending on the Hovell and Greenhalgh, 1972; 9 Ayala, 1974; * Bull, Tyrrell and Reid, 1976: OGeay, Robelin and J arrige, 1974; ~ Hovell, Greenhalgh and Wainman, 1976; 9 Robelin and Geay , 1976; 9 Geay, Robelin and Vermorel, 1980 ; + M. Theriez, C. Castrillo and Y. Villette (unpublished data). breed; Menke, 1980) . ME = .152 W + 37.42 AW --26.71 (with Friesian bulls; Rohr, 1980) . NE F = 89.04 W '7s + 6.433 W X AW x 10 -6 (Hoffmann et al., 1977) with ME expressed in MJ/d, W and AW in kg, NEf in Kcal/d. These equations, based on the weight and actually measured daily gain, are certainly well adapted to the population of animals used. But for a given weight they lead to a constant marginal energy cost of gain, d ME/d AW = 31.7 (Menke, 1980) , which does notcorrespond to the known increase in the net requirements with increasing live weight gain. So, INRA (1978) established another equation between net energy (NE) intake, live weight (W) and daily live weight gain (AW), using the relationship between energy content of gain and both W and AW computed by Robelin and Geay (1978) : NE = aW "Ts + bW "Ts ~W 1"43 , with NE expressed in terms of "meat" feed units (Unitds Fourrag~res Viande: UFV) or in terms of "milk" feed units (Unitds Fourrageres Lait: UFL) and W and AW expressed in kg. This equation has also been adopted by Rohr (1980) who proposed: ME = aW "Ts + bW "7s AW 1"s3,
where ME is in MJ/d; W and AW are in kg. INRA (1978) used the results of feeding trials in which different lots of animals (2,762 animals in 407 lots) were fed different levels of energy and proposed the energy allowances of different categories of animals. These allowances are given in feeding tables for different live weights and different rates of gain. As already noted, these proposals are not perfect, but today they are a good step forward.
Conclusion
Over the last few years, great progress has been made in Europe to better appreciate the protein and energy requirements of growing cattle and the effects of factors that might influence them; sex, breed, live weight and daily gain. These factors have not been introduced into all feeding standards. Digestive utilization of protein is better known, and the distribution of energy between protein and fat deposition is now well quantified. However, more research is needed to understand the mechanisms of this distribution and how it can be contolled.
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